Objectives: Laparoscopic colorectal resection is equivalent to open resection in a number of important areas. However, recent data have raised concern that intraoperative complications may be increased. We conducted a meta-analysis comparing intraoperative complication rates of laparoscopic and equivalent open colorectal resection. Data Sources: Cochrane Central Register of Controlled Trials, MEDLINE, and Embase databases were searched, as were relevant scientific meeting abstracts and reference lists of included articles. Review Methods: Randomized controlled trials (RCTs) evaluating laparoscopic versus open surgery for any colorectal indication were included. Exclusion criteria were: trials assessing hand-assisted resection, and trials that excluded conversions to open surgery. There were no restrictions on language. Data were entered on an intention-to-treat basis in prospectively designed tables with complications categorized per event as: total complications, haemorrhage, bowel injury, and solid organ injury. Corresponding authors were contacted if information was missing. The Cochrane Collaboration tool was used for assessing risk of bias, the PETO odds ratio method was used for meta-analysis. Results: Complete intraoperative complication data were obtained for 10 out of 30 included RCTs. Four thousand and fifty-five patients were analyzed; 2159 in the Laparoscopic Group and 1896 in the Open Group. There was a higher total intraoperative complication rate (OR 1.37, P = 0.010) and a higher rate of bowel injury in the Laparoscopic Group (OR 1.88, P = 0.020). There was no difference in the rate of intraoperative haemorrhage or solid organ injury. Conclusion: Laparoscopic colorectal resection is associated with a significantly higher intraoperative complication rate than equivalent open surgery. (Ann Surg 2011;253:35-43) T he laparoscopic approach is currently regarded as an accepted technique for surgical resection of the colon and rectum. 1 In the United States, almost 40% of elective colectomies were performed laparoscopically between 2005 and 2006, and this number has probably increased since that time. 2 Several large multicenter randomized controlled trials (RCTs) have been published supporting noninferiority in oncological outcomes for laparoscopic colon cancer resection compared to the equivalent open technique, and further data for rectal cancer are pending. [3] [4] [5] [6] [7] Proven advantages of the laparoscopic approach are improved cosmesis, short-term reductions in postoper-Published and unpublished randomized controlled clinical trials that evaluated laparoscopic versus open surgery for any colonic or rectal indication were included. Exclusion criteria were: trials for noncolorectal indications, nonrandomized trials (also excluding trials allocated by patient or surgeon preference), trials assessing hand-assisted laparoscopic resection, and trials that excluded conversions to open surgery from analysis. There were no restrictions There was a statistically significant higher total intraoperative complication rate in the Laparoscopic Group (OR 1.37, P = 0.010)
ative pain and morbidity, and modest improvements in hospital stay. 8 Benefits are less certain for rectal resections and in the setting of optimized peri-operative care, with further research underway in both these areas. [9] [10] [11] It would seem therefore that much effort is being spent to formally validate the laparoscopic technique by comparing it with the current gold standard of open surgery. Some have even argued that laparoscopic resection may even be the new "standard of care" for colonic resection. 2 Despite this, there has been little focus on evaluating the immediate intraoperative complications of this procedure. 12 This is somewhat surprising given the overriding medical principle of primum non nocere, and the awareness within the surgical community that laparoscopic colorectal resection is a difficult procedure with a steep learning curve. 13, 14 The likely explanation for this deficiency in safety data is that intraoperative complications are relatively infrequent events, making it difficult if not impossible to power an RCT with this as the primary endpoint. 15 Nevertheless, results of the recent Australasian Laparoscopic Colon Cancer Study (ALCCaS) have demonstrated a significantly higher intraoperative complication rate in laparoscopic surgery, seemingly as a result of higher rates of intraoperative bleeding and bowel injury. 16, 17 A recent report by the Dutch Health Inspectorate entitled "Risks of minimally invasive surgery underestimated" has also brought this issue to light. 18, 19 This formed the rationale for conducting a meta-analysis of RCTs comparing laparoscopic and open colorectal resection. The principal study question is whether or not patients undergoing elective laparoscopic colorectal resection have a higher intraoperative complication rate than those undergoing equivalent open colorectal resection.
METHODS

Systematic Literature Search
The literature search was conducted using the Cochrane Highly Sensitive Search Strategy (HSSS) for identifying RCTs in combination with the search terms outlined in Table 1 . The search was run independently by 2 authors (T.S., A.K.) in-line with the validated methods of the QUORUM statement, 20, 21 and with no restrictions on language. Relevant primary studies were identified from the Cochrane Central Register of Controlled Trials (CENTRAL/CCTR), MEDLINE including in-process and nonindexed citations (from January 1966 to August 2009), and Embase (from 1947 to August 2009). Relevant scientific meeting abstracts and reference lists of included articles were manually searched to identify further relevant publications. 
Validity Assessment
Validity assessment was performed by 2 authors (T.S., A.K.) who were masked to the journal title, article title, and authors of the publications using unformatted versions of the manuscripts that had any identifying information deleted. Risk of bias was assessed using the Cochrane Collaboration tool for assessing risk of bias and displayed using summary figures generated by RevMan 5.0 (Review Manager Version 5.0, Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008).
Data Abstraction
Data on intraoperative complications were gathered for each trial and summarized on an intention-to-treat basis in prospectively designed tables. Complications were counted per-event and categorized into: total complications, haemorrhage, bowel injury, and solid organ injury. Complications were taken as defined by the authors if the data was published. The corresponding author for each included publication was contacted if information was missing or unclear. We requested data on intraoperative complications in both arms of the study, including haemorrhage defined as a bleeding event requiring transfusion or conversion to open surgery, bowel injury defined as any hollow viscus injury requiring repair, and solid organ injury defined as any solid organ injury requiring intervention. If no response was received within 1 month, another attempt was made to contact the author and all remaining authors of the publication. If no data were obtained, the study was excluded from the analysis.
Statistical Analysis
Analysis of combined data was performed using RevMan 5.0 (Review Manager Version 5.0, Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008). Results of the metaanalysis were assessed using odds ratios with 95% confidence intervals derived by the PETO odds ratio method (fixed effects model). This method was chosen a priori as we expected assessment of infrequent events, small intervention effects, and similar subject numbers in experimental and control groups. The PETO method has been shown to be the estimate least prone to bias in this setting, and does not necessitate arbitrary correction for zero event fields. 20 The robustness of any positive findings was tested by performing a standard Mantel-Hanzel (M-H) odds ratio analysis with a 0.5 correction for zero fields, which is the default option in RevMan. Odds ratios were summarized graphically using forest plots, with P < 0·050 was considered statistically significant. Statistical heterogeneity was evaluated using I 2 statistics, with values up to 25%, 25%-50%, and above 50% indicating low, moderate, and high levels of heterogeneity. A χ 2 test for heterogeneity was performed, in which P < 0·100 was regarded as significant. Funnel plots were used to screen for publication bias. An a priori subset analysis of studies including only cancer resections, colonic cancer resections, and a per patient analysis were performed.
Role of the Funding Source
The funding sources were not involved in study design, data collection, analysis, interpretation, write-up, or decision to submit for publication. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
RESULTS
Trial Flow
A total of 2408 search results were entered into a unified database, after which 294 duplicate results were removed. Abstracts of all the remaining studies were screened yielding a total of 90 potentially relevant publications that were retrieved for more detailed evaluation. Thirty RCTs met the inclusion criteria, and 10 of these were finally included in the meta-analysis with complete intraoperative complication data obtained. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Four of these studies had published intraoperative complication data, [23] [24] [25] 30 with the rest of the data obtained on request from the corresponding author(s). We could not obtain any intraoperative complication data for the remaining 20 RCTs. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] A QUORUM diagram detailing trial flow is provided in Figure 1 .
Study Characteristics
Of the 10 RCTs included, 6 were multicenter and 4 were single center trials spanning a period of time from 2001 to 2009 (Table 2) . Indications for surgery included colonic cancer in 4 studies, rectal cancer in 1 study, both colonic and rectal cancer in 3 studies, sigmoid diverticulitis in 1 study, and ileocaecal Crohn's in 1 study. In 7 out of 10 studies, a credentialing process was specified as a requirement before the surgeon could contribute patients. Risk of bias assessment and Funnel Plot analyses are shown in Figures 2 and 3 . Overall studies were of moderate quality with minimal apparent publication bias.
A total of 4055 patients were included in the meta-analysis, 2159 in the Laparoscopic Group and 1896 in the Open Group. with low heterogeneity in the results (P = 0.290, I 2 = 17%, see Fig.  4 ). Robustness of this result was confirmed with M-H analysis with 0.5 correction (OR 1.37, P = 0.020, I 2 = 14%). The rate of bowel injury was also higher in the Laparoscopic Group (OR 1.88, P = 0.020) with moderate heterogeneity in the results (P = 0.150, I 2 = 36%, see Fig. 5 ). Once again M-H analysis was consistent with this (OR 1.93, P = 0.020, I 2 = 34%). There was no statistically significant difference in the rate of haemorrhage or solid organ injury between groups (Figs. 6, 7) .
Subset Analyses
All Cancer Resections
A subset analysis of only cancer resections was performed, including data from 8 studies. [22] [23] [24] [25] [26] 28, 30, 31 There was a higher total intraoperative complication rate in the Laparoscopic Group (OR 1.42, P = 0.009) with low heterogeneity in the results (P = 0.30, I 2 = 16%), which was confirmed on MH analysis (OR 1.42, P = 0.010, I 2 = 13%). The rate of intraoperative bowel injury was also higher (OR 1.93, P = 0.02) with moderate heterogeneity in the results (P = 0.10, I 2 = 46%), and again this was confirmed on M-H analysis (OR 1.98, P = 0.02, I 2 = 44%). There was no significant difference in rates of intraoperative haemorrhage or solid organ injury.
Colon Cancer Resections
A subset analysis of only colon cancer resections was performed. This included data from the 4 colon cancer trials, 22, 23, 25, 31 as well as colon-specific data from the MRC-CLASICC trial which had provided separate complication data by colon and rectal resections. 24 There was a higher total intraoperative complication rate in the Laparoscopic Group (OR 1.55, P = 0.009) with moderate heterogeneity in the results (P = 0.13, I 2 = 43%, see Fig. 8 ), which was confirmed on MH analysis (OR 1.56, P = 0.010, I 2 = 44%). The rate of intraoperative bowel injury was also higher (OR 2.28, P = 0.006) with moderate heterogeneity in the results (P = 0.14, I 2 = 42%, see Fig.  9 ), and again this was confirmed on M-H analysis (OR 2.31, P = 0.009, I 2 = 39%). There was no significant difference in rates of intraoperative haemorrhage or solid organ injury (Figs. 10, 11 ). rate in the Laparoscopic Group (OR 1.54, P = 0.010) with moderate heterogeneity in the results (P = 0.10, I 2 = 49%, see Fig. 12 ), which was confirmed on MH analysis (OR 1.54, P = 0.020, I 2 = 47%).
DISCUSSION
We conducted a meta-analysis comparing the intraoperative complication rate in laparoscopic and open colorectal surgery. The results clearly indicate a significantly higher rate of intraoperative complications during laparoscopic colorectal surgery. This is accounted for in part by an increased rate of intraoperative bowel injury in laparoscopic colonic surgery.
The current meta-analysis is the first to specifically examine intraoperative complications in these procedures. A Cochrane meta-analysis by Schwenk et al 8 demonstrated a lower rate of post-operative complications after laparoscopic resection of the colon and rectum. Since that meta-analysis was published, 3 major RCTs have reported equivalent postoperative complication rates for laparoscopic and open techniques, 24, 25, 31 and the recently published registry results from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) demonstrate a lower postoperative complication rate after laparoscopic surgery when patient morbidity was controlled for. 2 Collectively, these findings may seem at odds with our results (or perhaps negate their clinical significance) as one would anticipate a higher intraoperative complication rate to be reflected in adverse postoperative outcomes. We were not able to individually identify the postoperative impact of each intraoperative complication recorded in this meta-analysis. However, because the absolute numbers of intraoperative complications are relatively low, it is highly likely that any sequelae would be masked by the much higher rate of minor and major postoperative complications after colorectal surgery, which is of the order of 20%-40% in the included RCTs. 24, 25, 31 Also, there is evidence that the rate of postoperative complications is highly influenced by peri-operative care practices which do not necessarily relate to intraoperative technique or course. 52, 53 It is also important to note that the operations in all the RCTs included in this meta-analysis were performed by established laparoscopic surgeons in accredited colorectal centers. In fact, in 7 out of the 10 RCTs (accounting for 91% of included patients) the operating surgeons underwent some form of credentialing which attempted to control for the learning curve effect. In addition, the operations were performed on highly selected patients with those presenting acutely, with a transverse colon, synchronous, or invading neoplastic lesion being excluded from most studies. This raises a significant concern that less experienced surgeons operating on a broader range of patients may experience an even greater intraoperative complication rate than presently reported.
We have identified some limitations of this meta-analysis. Firstly, although there are recognized postoperative complication classification systems, 54, 55 these are not readily adaptable to the intraoperative setting. This lack of standardized definitions may have caused heterogeneity in the results. We attempted to limit this by supplying the corresponding authors with clear definitions for intraoperative haemorrhage, bowel injury, and solid organ injury, but ultimately had to rely on the authors' interpretation of these. Conversion from laparoscopic surgery to laparotomy could also potentially lead to some complications being recorded that otherwise would not. An example of this is bleeding which can be overestimated during laparoscopy or only recorded because it resulted in conversion. Secondly, 20 out of 30 eligible trials were excluded as they did not report intraoperative complications. Some of these were relatively large RCTs which could have potentially affected the results. 33, [41] [42] [43] Finally, while the learning curve effect should have been minimized by the credentialing criteria used in most of the included studies, it remains difficult to define or measure this effect which may have been underestimated in some included studies. 24, 56 Nevertheless, the findings of this meta-analysis have important implications for future practice, not the least of which is the notable and unexpected finding of a paucity of data on the intraoperative complication rate in the published literature. Only 4 of 30 eligible RCTs had published intraoperative complication data, and only a further 6 had these data available and were prepared to supply it. Although it is recognized that RCT evaluation of serious but rare outcomes is difficult to perform, 15 it is imperative that future trials prospectively collect and report these complications as this permits collective safety analysis as performed in the present study. The authors believe that laparoscopic colectomy is here to stay, as the "tipping point" for surgeon uptake has probably passed, with this procedure in the final stages of the recently described IDEAL stages of surgical innovation. 57, 58 However, it is at this point that analysis of rare events is possible and paramount. In addition, it is important in light of the current findings that surgeons performing laparoscopic colorectal resections inform patients appropriately at the consenting stage, prospectively audit rates of intraoperative complications in their individual practice, and reconcile these with any short-term postoperative benefits gained.
